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^^irk  ci'mlui'tod  to  advance  state-of-the-art  with  regard  to  formulation  of 
practical  fast-burning  and  high  prossuri’-i'sponent  propel  laivts .  Primary 
phas  i  s  was  directed  toward  optimization  of  the  processing,  mechanical  , 
“gul  ballistic  properties. 

(f)  Approaches  to  improving  propellant  processah i 1 i tv  included 
lariation  of  amount  and  type  of  plasticizer,  use  of  blinked  or  hindered 
Csocyanate  curing  agents,  evaluation  of  epoxid*-  curing  agents  and  modi- 
*ication  of  R-45M  prepolymer.  The  last  approacli  was  found  to  be  by  far 
the  most  effective,  and  satisfactorv  processability  ran  be  acliieved  with 
propellants  meeting  tiie  desired  ballistic  and  mechanical  proiierties. 
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i;:tr()DLCtion’ 


(U)  This  is  the  secohcj  quarterly  progress  report  presented  to  the 
L’,  S.  Navy,  Naval  Weapons  Center,  Cliina  hake,  Caiiforiiia,  for  work 
conducted  Under  doritfact  NOOl*'j">'70-C’“1437  for  the  period  1  AugUst  1970 
through  31  Octobef  197().  A  glossary  of  terms  an<l  abbreviations  is 
provided . 

i  OBihCTIVi: 

(U)  Tlic  objective  of  this  10-n;ontli  program  is  to  advance  the  state- 
of-the-art  witti  regard  to  fornulatfon  of  practical  fast-burhing  and 
high  pressure'f'exponent  propellants  by  expanding  available  technology, 

(U)  The  researcli  performed  will  provide  the  capability  to  formulate 
two  propellants,  hereinafter  referred  to  as  "A"  and  "B",  with 
respective  burning  rates  of  3.5  and  7.0  in/sec.  at  2000  psia  and  a 
pressure  exponent  for  both  propellar.ts  of  about  0.70. 

(U)  Botli  propellants  will  be  formulated  to  deliver  a  specific  impulse 

(ijpQo)  of  at  least  240  Ibf-sec/lbm  with  a  density  of  0.0(>3-0.065 

Ibs/in.^,  The  study  also  includes  the  development  of  adequate 
mechanical  properties  to  withstand  the  temperature  range  of  -40  to 
160*^.  Other  considerations  are  adequate  processing,  potlife  (4  hrs. 

0  135°F) ,  thermal  and  aging  stab  il ity  and  safety  characteristics. 

Only  composite  propellants  are  being  considered,  with  porous  AP  (PA!’) 
and  non-volatile  ferrocene  derivatives  limited  to  the  high  burning  rate 
propellant  "B", 

Sr.MM\l<Y 

(C)  Primary  empliaSis  during  this  rep<irt  period  was  directed  toward 
optimization  of  the  processing,  tr.echan ic.i I  and  ballistic  properties  of 
propei’ant  "A".  A  lesser  effort  was  expended  on  propellant  "H'  since 
progress  made  on  ’’A''  was  readily  applied  towards  the  optimization  of 


(C)  Approaches  to  improving  propellant  processability  included 
vari.atlon  of  amount  and  type  of  plastieizer,  use  of  bloikel  or  liind  reel 
Isocyanate  enring  agents,  evaluation  of  epoxide  (urlng  agents  and 
modification  of  K-45M  prepolymer,  'Plu-  last  approach  was  found  to  he 
by  far  the  most  effective,  an<l  sal  isf.ictory  processab  i  I  it  y  can  be 
achieved  with  propellants  meeting  the  desired  ballistic  and  mi'chanical 
properties,  .Selection  of  the  final  canditlales  has  been  postponed 
until  the  ne.xt  report  period  due  to  a  one-month  program  extension. 


•  •  •tf-  •*" 
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(L)  Ihe  urfo  of  acety lacetone  and  ^rioctylphosphine  oxide  (TUPO)  to, 
respectively,  block  and  dir.efixe  the  'iUl  in  si  u  by  addin;*  ther.  to  the 
propi’llant  pri-T.ix  did  not  yield  any  increase  in  potlife.  I)i:"i'rined  ibl 
was  prepared  and  used  in  several  batches .  An  adequate  pi  ‘.life  was 
obtained,  but  t  lie  cured  propellant  was  too  bri.tle.  ITirtber  work  with 
this  naterial  was  discontinued. 

(1)  .Mixed  epoxy /  i socyanate  c.uriTip,  apeiUs  yieldeil  .some  encourap, i np 
ri.'sults  in  exti'ndinp  pfi'pe  1  1  .tn’.^  pi- 1 1  i  ft' ,  iiut  f. tiled  to  provitle 
sat  isfacti'ry  cures.  In  all,  f  'ur  diepoxiiles  wtri-  evalu.ited  .and  were 
found  to  eitiier  provide  f.iir  pot  1  ives  and  poor  cures,  or  poi'r  potlives 
and  brittle  cures.  It  was’  cone  iuded ,  tiierefort',  tliat  tlie  use  of 
epoxitles,  alone  or  in  comijination  witli  IPDI,  do  not  provide  significant 
I'ene  fits. 

(I')  file  replaci'ment  of  tiie  uroilite  ib  with  IM‘  resulted  in  a  .sontewliat 
r:orc  proi'essable  pro]iellanl.  however,  tlie  curt  d  propell.ini  yielded 
I'oorer  n.eclian  i  cal  aiui  iiallistic  properties  tliai  was  acliieved  with  Uronit 
b  as  tile  plasticizer.  a\'  furtiier  attempt  was  r.ide  to  use  IDP,  tlierefore 
iiei-a'ise  tlie  p ixu-ess i n;;  ir.pri'Vem.ent  it  provities  is  r.t're  tiian  offset  !>v 
its  lieter  iorat  ion  of  oilier  propellant  pri'pertits. 

(i’J  I'sinp  Oronite  b  as  tlie  p  I  as  t  it- i  r.er  ,  an  .'tterpt  was  r.nile  to 
improve  prot'ess  i  np  and  tliereliy  increase  pt'tlifq  by  It'Werinp  tlie  K-45>( 

It'  si  o  i  ch  i  one  t  r  i  t'.'i  1 1  y  matt'b  the  Il’DI  level,  malinp  up  the  tiiffcrent'e 
with  plasticizer.  .Mo  significant  ;;ains  in  fotlift-  were  achieved, 
and  bt'tli  ballistit-  and  mechanic.il  propertiei-  siffered, 

(f)  ihe  .tdditii'n  of  aluniinun  near  the  end  of  the  mix  cycle  rather 
th.in  at  the  be;',inninq  was  investigated  to  determine  if  its  presence 
in  the  loni’,  interim  mix  cycle  ii.itl  any  processing,  meeh.inical  proni-rtv 
or  ballistic  eftects.  Miiu'r  efl-oi'ts  vcere  oitserved  on  ballistic  ami 
mechanical  properties,  hut  iiol  on  tirocessing.  A  motlerate  improvement 
in  nrocessing,  however,  was  ohserveti  when  a  previously  unopened  c.ana'f 
the  currt’iU  lot  of  K-45M  was  useil.  The  improvement  in  processing  was 
.iscrilu'd  to  less  oxidative  crosslinking  in  the  junexposed  K-45M. 

i 

(b)  l.ower  ballistic  solids  were  i  n  ves  t  ig;tt  ed  as  a  nie.'nis  to  impri've 
both  processing  and  meeh.inical  prop.-rlies.  Altjhough  i mpr ('Vernon t  s 
were  seen  in  thesi'  ar.-as,  the  sacrifice  in  hnrnling  rale  Was  too  great 
to  seriousiv  consider  this  ii'proach.  A  prom i s  i;ng  approach,  hcnci-ver, 
towards  improving  propellant  i'i>t  1  i  fe  was  achieved  by  usinp  a 
no.lified  !’-4')M,  S  i  I’.n  i  f  leant  imreases  in  pc't  I  i  f  e  were  achieved 
with  Tittle  i-h.inge  in  mechanical  propei'lics. 

i 

(T)  A  series  of  three  hat  (  lies  were  pri-pated  varyinp,  the  MMl  r ri'm 
■*')-55-ti5  e(ju  i  va  1 1'lit  s  .  Viscosity  buildup  and  rn-chanical  pri'pcrtv  data 
indie, itc  proper  ITDI  eiiuivalcnls  lie  between  35!  However, 

b.ii'.ber  e()uivalents  levels  of  li’ill  were  reipii  red  .as  the  DKU  leVt-l  was 
dropped.  Ibis  was  shown  in  .i  series  (’f  three  b.itcbes  wliicli  were  made 
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to  furthet  stib.stantiate  tho  noeO  for  -rind  ostablish  the  dosifoli  levels 
of  OhO  am!  TI'.A  in  the  fofrrnil  ar  i  on .  Th>?  data  indioato  tiiat  the  best 
overall  proiH'rt  ies  afi“  aeliieved  with  both  present*  and  that  t!ie  propef 
I1’1)I  level  dies  between  b5  ami  70  etjiiiv.  in  a  systetr.  wliere  tlie  K»45.'! 
t-eve  l  has  been  raised  by  10  erjui  va  lent  s  . 

(L)  iwo  oti'.er  inethods  of  inereasinp  the  burning  rate  of  propellant 
''a"  were  evaluated.  liie  first  n.etitod  eonsistiui  of  adding  a  fluorine 
containing  p  !  as  t  i  c  i  ;:e  r  (es  te  r  of  d-etliylhexaiioie  acid  witii  l,l,.9»tri- 
hydrcdnaiadecaf  I  uoro-*  1 -tionaiu'l  )  to  tiie  propellant  replacing  half  of  tlu’ 
plasi  !c  i,;er.  The  r<.'sulting  eor.position  processed  with  difficailty  and 
cured  to  a.  iirittle  propellant  wi.i.-h  could  lU't  be  testeii  for  burning 
rate,  aiie  second  ii’.ethod  involveil  preparing  .'in  additional  batch  of 
propellant  ".A"  1  nco  rpo  ra  t  ing  two  percent  of  the  ground  ferrocene*  . 
f orr.a  1  dehyde  polyr'.er  previously  evaluated  .it  0.5'  level.  significant 

burning  rate  im  reuse  w.is  achieved,  .and  process.ih  i  1  i  t  y  was  severely 
I'urtai  led. 

.  (!')  Si'veral  si  gn  i  f  i  ean  t  irprove:-:ents  were  naile  in  increasing  thi- 
hurnin'e  rati.'  of  propellant  ".A'.  Mu'  reji  I  aciTwnt  of  tlu-  iron  oxide 
previously  used  hv  a  ervstalline  ri-d  iron  oxide  provided  by  Naval 
Weapons  leiiier  resnlteil  in  a  -7,'  inerease  in  burning  rate  at  dOOO 
psia,  A  5'  increase  was  ri'aliced  by  the  replaceiient  of  19,"  ‘dA  AP 
.  f  1  D.i )  wi  t  b.  3..  ri-'A!’  and  another  7’  inerease  by  doubling  tlie  itix  cyi  lo  to 
4  hoursi  ,  by  conbining  tiiese  factors,  a  solid  srr.and  burning  rate 
of  3.oJ  in./sv'c  .It  dodo  psia  v.is  .aehieved.  .A  repeat  batch  teas  ni.ide 
to  confirir.  this  data  which  yielded  .i  lewer  burning,  r.ite  of  '1.4  In/sec 
'  dii.OO  psi.i,  ■  liie  reason  for  thi'  rate  drop  is  unknown,  '  ' 

(;■)  IN'placing  the  old  I'e  ,0,^  .uid  Silon-S  eonliination  entirely  with  tic 
crystal  1  ine  Ked  l'e.,dj  ga.ve  riie  sar.e  burnini’,  rate  at  doni)  psia.  Also, 
replacing  the  .alur'.Tnun  powder  with  riag.nesiun!  powder  and  ;i  (>5/35 
nag, lies  i  nr.-.a  1  u::)  i  nubi  alloy  powder  shcice.l  essentially  no  change  in 
biirning,  rate  at  dOOd  psia. 

((■)  .A  hew  lot  of  IK.M’  (0.55..)  w.is  evalu.ited  in  the  series  wliere 
IPDI  i>as  varied  from  4  5-55-A5  I'qui  v.iletit  s.  The  biirnin.g  rates  respoet  i  ve  1 
were  '3.d8,  3,  J9  and  3.  51  in/src  at  dOOU  psi.i.  liu.'  d.it.i  indicate  a  , 
i-orre  1 ,11  ion  of  hnrriing  rale  eitlu'l'  with  ::i\dulus,  IPDI  or  uiire.ieted 
hydroxy  level.  No  firm  conclusion  c.m  lu-  n.ade  With  the  liinitml  d.il.i 
currently  , IV, lilable. 

(1  )  A  sra  I  I  anount  of  a  lU'w  lot  Df  iryst.illine  I'o  ,0  ^  recelVi'd  from 
NWO  w/is  I'valu.ited  .ilonii  with  .i  new  lo-lh  lot  piirch.ased  I  ri'n  I'r.lnk 
('.  D.ivis  CoTrip.lny  wliieh  w.is  used  is  ii-.e  i  ved  .ind  ,if  t  e  r  grinding  for 
two  hours.  No  eli.iag.i'S  in  hiirning  r.ale  '.cere  oh.'-'orved  wilh  tlie  nng.ronnd 
s.anples.  but  the  gi'i'iind  n.iterial  siioived  .i  5''  increase.  , 
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(V)  A  ncrio:;  of  f-.ropcllar.t  ''ii"  batches  wore  evaliiaced  in  winch  the 
catocono  lovol  am!  oxidizer  ratios  wore  Varied.  The  desired  burning 
rail'  was  exceeded  at  a  catocene  level  of  47;.  The  ox  id  i  Zer  T'.od  i  f  i  ca  t  ions 
at  3'.  catocene  fell  short  of  the  burning  rate  goal. 

(!)  Safety  tests  revealed  that  tlie  pivipeliant  "li"  fo  rtni  t  at  i  cni 
containing  *7  catoceiu^  and  liaving  a  73  Shore  "A",  hardness,  has  liigh 
fiii-tion  sensitivitv,  whereas  a  batch  containing  37:  cattu'ene  and 
having  a  30  Shore  "A"  hardness,:  showed  improved  .stability  to  friction. 

It  has  not  hi'eti  assessed  wliellier  hardness  or  catocene  level  was 
responsii'le  for  the  high  friction  sensitivity, 

(i')  A  iil’T  specimen  utilizing  the  A34-4  1  iner  ri-ported  in  the  first 
(juarterlv  repiirt  was  tested  after  i'eing  aged  c-ne  month  at  llj^K.  Tlie 
results  showed  that  the  liner-propellant  bond  remained  exiiellent. 

It  is  planned  to  use  the  434-4  liner  for  this  program  and  no  further 
1  iiU'r  W'lrk  is  planned. 

TI'CIIMICAI.  bISCrSSiDN 

CKNTHAI.  Al’I'ROACH 

(D  Till'  principal  effort  during,  this  report  period  was  directed 
toward  inereasinv,  the  pot  life  and  burning  rate  of  prope-llant  "A", 
Imre.ised  pot  life  is  necessary  in  order  to  successfully  scale-up 
tiv  prLipellant  batch  size  and  cast  the  requisite  number  of  grains 
to  fulfill  the  contracfaral  requirements.  Tarticular  emphasis  was 
placi'd  on  improving  processa!)i  1  ity  by  introducing  vari(uis  binder 
modifications. 

(r)  Several  attempts  were  made  to  extend  potlife  by  inhibiting 
isoevanate  gr.mps  with  a  reversible  blocking,  agent  and  by  using 
epoxides  alone  or  in  combination  with  the  di isc'cyanate  IPDI .  These 
epoxiiles  rangeti  f  rom  hi  icyc  I  oa  1  i  print  i  c  to  dialiphatic  types  to  determine 
fill’  effect  of  structural  c.hang.es.  As  part  of  the  isocyanate-inhibition 
appro.ach,  dimerized  TOT  was  prepared  and  pu.ified  prior  to  incorporation 
into  propellant.  It  was  hoped  tiiat  reversion  bad;  to  monomer  would  be 
slow  enough  to  yieKl  potlife  advantages. 

(r)  IDT  was  used  in  place  of  Dronite  6  to  take  advantage  of  its 
lower  viscosity  as  a  means  to  lower  the  propellant  viscosity.  Also, 
the  ITiJl  eoncentrat  ion  was  reduced  for  an  optimum  balance  between 
pc'tlife  and  mechanical  properties.  Other  approaches  evaluated  for 
improved  proi-essab  i  1  i  ly  ine  luded  increasing  the  Oronite  (>  at  the  expinse 
('f  I<-45M,  further  optimization  of  the  bonding  and  wetting  agents,  and 
modification  of  the  R-s5M  prepolymer. 

(1)  The  burning  rates  of  both  propellants  "A’’  .iml  "T."  wer»’  riaximized, 
con.mensuiM  te  with  good  p rocessah  i  1 i t v  and  minimum  propellant  hazard. 
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by  ir.p!*ovinf;  the  bufniilR  fate  catalyst,  tisirtg  finer  oxidizef  blends, 
and  extending  the  nix  cycle.  Other  approaciies  consisted  Of  replacing 
aiuninnn  povder  with  magneslun  powder  and  partially  replacing  the 
plasticizer  h'itli  a  fluorocarbon  plasticizer  which  had  given  burning 
fate  Increases  ih  other  propellants. 

(U)  Principally,  the  work  to  increase  burn  inj*  rates  was  directeil 
toward  at'hieving  the  3.5  in/sec  burnin)*,  rate  goal  at  2000  psia  for 
propellant  "a",  but,  hs  was  previously  denonst rated ,  inprovenents  in 
tlie  hal  1  istic  properties  of  '  A*'  could  be  readily  adapted  to  meet  ing 
propel  lant  "li"  bal  1  i  s  t  ic  refjnirenoivts  .  Ci^nsequent  1  y  ,  fornulat  ions  for 
propellatit  "li"  were  evolved  by  making  minor  modifications  in  the  "A" 
formulat ions . 


PRDCKSSINO  AND  MKClIANICAI.  PROPKR'ri  MS  STUDY 

fU)  Previous  unsuccessful  efforts  to  increase  the  potlife  of 
propellant  "A”  were  based  on  mi-thods  to  block  tlu-  isocyanate  reactivity 
either  by  rtsact  ion  with  phenol  or  by  dimerization  with  the  dimerization 
catalyst  trioctylpiiosphine  oxide  (ToPO).  Mailure  to  acliieve  tiie 
desired  potlife  increase  for  the  first  approach  was  attrilujted  to  the 
difficulty  of  the  alii'hatic  ill  isocyanate  TPDI  to  react  with  phenol 
in  the  absence  of  a  eatalyst  wheri^as  the  second  approach  did  not  work 
probably  due  to  Inability  of  IPDI  to  dimerize.  On  the  other  hand, 
aromatic  diisocyanates  such  as  TDI  readily  react  with  hydroxy  bearing 
compounds  such  as  phenol;  also  are  readily  isolable  as  stable  din;e»‘s. 
Consequently,  these  two  lilocklng  teehniqiies  were  again  attempted  using 
TDI  In  place  of  il’DI.  The  ftu  thod  used  in  tliis  case  was  to  comhlne  tlie 
TDI  With  the  blocking  or  dimerizing  agent  48  hrs,  prior  to  ini’orporat  ion 
into  the  propellant.  Tlie  blocking  agent  used  was  acetyl  acetone  in  place 
of  phenol  to  provide  a  more  readily  reversible  blocked  isocyanate*  and 
the  dlmeri  Zat  toil  catalyst  used  Vas  iopi)  at  a  level  equal  to  fifty 
percent  of  the  isocyanate  level.  The  appearance  of  finely  divided 
solid  material  was  taken  as  evidence  in  hi'th  cases  for  the  formation  Of 
the  desired  modified  isocyanate  and  no  further  analysis  was  attempted. 
Those  modified  TDI  mixtures  were  then  incorporated  into  the  standard 
R-45M  propellant  formulation,  but  yielded  very  sliort  pollives. 

Apparently  Che  bleektng  and  dimerizing  reactions  did  not  proceed  far 
enough  before  i  ncorporat  ion  into  propellant.  No  moclianical  or  liallistie 
properties  wi>re  measured  on  these  propel  lants .  Also,  no  fnrtlier 
attempts  at  forming  blocked  isoevanates  were  made  tluring  tliis  report 
period . 

(U)  A  final  evaluation  of  the  value  of  the  dimer  approach  to 
Increased  potlife  was  made  (Table  1,  ';AK-75D  I -1  7 ,  -24A  ,-24H)  by 
using  the  purified  dimer  of  TDI  as  the  curing  agent  in  place  of  Il’DI. 
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The  diner  was  formed  by  blending  1  mole  of  TDI  in  500  ml  toluene  with 
5  drops  of  tfi^n-butylpliosphine  as  tlie  catalyst.  The  mixture  was 
stirred  ovefnlght  and  the  resulting  solid  was  collected  by  filtration 
and  washed  well  With  iiexnne.  The  vacuum  dried  material  tiad  an  ifi.p.  of 
identical  to  the  literature  value.  The  l.R.  spectrum  was 
also  in  accord  with  the  expected  dimerized  structure,  giving  a  strong 
isocyanate  absorptloii  at  2280  and  a  strong  urea^like  carbonyl 

absorption  at  1772  cul*^.  Tlie  propel  iafits  made  with  tliis  material  gave 
reasonable  potlivos,  but  cured  rapidly  to  a  tiard,  brittle  material 
wltii  apparently  poor  meciianical  properties.  Since  no  great  advantage 
in  potllfe  was  demonstrated  (Figure  1,  //AK759i-2AA) ,  and  since  the 
resultant  mcclianical  propefties  were  poof,  no  further  work  was  done 
witli  this  material. 


(r)  hpoxide  arid  imlne  curing  agents  wete  evaluated  in  this  case  to 
see  If  the  catalytic  nature  of  the  propellant  solids  could  promote 
either  the  imine-  or  epoxy-hydroxyl  reaction.  The  diimine  BISA  was 
used  first,  but  failed  to  give  any  potllfe.  It  cured  the  propellant 
rapidly  to  a  hard,  brittle  mass.  The  use  o*^  the  dlepoxide  vinyl- 
cyclohcxpno  dioxide  (FRh-420b),  which  was  evaluated  next,  resulted  in 
a  4  hour  potllfe  at  135°F;  the  material  gelled  hut  failed  to  develop 
a  satisfactory  elastomeric  cure.  A  reasonable  cure  was  achieved, 
however,  by  replacing  one  tliird  of  the  FRL-4206  with  IPUI  (Table  1, 
■••AK759 1-1 3) .  Although  this  sliortened  the  potllfe  to  two  hours,  it  was 
still  estimated  to  be  two  times  that  with  1^1)1  as  the  sole  curing  agent. 
Potllfe  was  taken  as  time  to  50  kpoise  at  120'’F  and  10,000  dynes/cm^ 
shear  stress. 


(F)  Since  F.Rh-4206  contains  two  kinds  of  epoxides,  aliphatic  and 
cycloaliphatic,  it  was  of  great  interest  to  see  if  they  n^liaved 
differently  from  each  otlier  in  their  reactivity  with  R-45.  The 
dlcycloaliphatlc  epoxide  hRh-4221  was  therefore  evaluated  in  another 
batch  of  propellant,  resulting  in  virtually  no  potllfe  and  a  rapid 
cure  to  a  hard  brittle  propellant  practically  identical  to  that 
obtained  With  the  imine  UISA.  The  Indication  Is  that  there  is  a 
vast  difference  in  reactivity  between  the  two  types  of  epoxides,  but 
it  is  not  inown  whether  or  not  tlie  two  types  undergo  different  reactions 

(1)  The  use  of  various  epoxides  in  combination  with  IPUI  as  a  means 
of  extending  potlife  but  still  achieving  an  adequately  cured  propellant 
was  evaluated  further.  In  a  series  of  three  batches,  (Table  1, 
/•AIC7591-24C,  -24U,  -241-;)  the  IPUI  was  formulated  at  35  eq.  alone  and  in 
combination  with  fi5  equivalents  each  of  resorc 1 nol d i glyc idy 1  ether 
(CIliA  I;RI;  13'>‘>)  ami  Vinylcyclohexene  dioxide  (I'nion  Carbide  FRh-4206). 
i'lie  purpose  of  using  IPUl  alone  was  to  vietermine  wliether  or  not  tlie 
cures  seen  with  the  IPDI-epoxy  combinctions  were  due  only  bo  the  IPDl. 
rtie  shore  Iiardness  data  indicate  tliat  the  epoxides  used  do  contribute 
to  tlie  cure.  Initial  viscosity  as  well  as  buildup  with  time  is  greater 
when  420f)  and  IPUI  are  mixed  than  when  Il’Ui  was  used  alone  (Figure  1, 
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(1)  FU;.  1.  Viscosity  vs.  Shoar  Sirc-ss  at,120“F  and  Iwo  Tir-.c  rntorvals.  Thv  Tir.o  Xotcd  on  Curves 
Denotes  Tine  After  ITDI  Addit  ion.  Curves  include  fi>B  uii?er  TDl  (AK7591-24A),  (2)  A  lf’Oi  i>  e<i./4 
65  ef].  (AK7391-24i-)  and  (3)^  li’Dl  35  en.  (AK759l;-24C>. 


TAPiLK  1.  Proct'Ssitig  and  !tfchanlcal  Property  Variations 
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,<‘AK7591*^24t;,*24C) .  The  ERE-I359  is  tepfesentat  ive  of  a  dialipHatic 
epoxide  arid  showed  a  higher  initial  viscosity  than  did  the  ERI^AJOri. 

This  was  probahly  due  to  poor  miscibll ity  of  this  diepoxide  in  the 
R-45/()ronite  6  itiixtnre  because  of  its  aromatic  nucleus.  This  poiftt  was 
checked  out  by  substituting  the  dlglycidyl  ether  of  butanediol 
(RD"2)  for  ERL-4206  at  two  levels  as  a  co-curlng  agent  wifii  IPDI.  This 
epoxide  (RD-2)  in  combination  wltl\  IPDI  unexpectedly  shortened  potlifo 
drastically  and  Increased  the  brittleness  of  the  cured  propellant. 

Since  the  epoxtilos  have  not  provided  significant  improvements  in 
processing  and  mechanicai  properties,  they  have  been  dropped  from 
further  consideration  in  these  propollahts. 

(U)  A  hatcti  was  processed  to  determine  whether  or  not  replacement  of 
Oronite  b  with  lUP  would  give  any  viscosity  benefits  witl)out  adversely 
affecting  mechanical  properties.  Although  tiie  complete  replacement  of 
Oronite  h  by  il)P  renulteil  In  improved  processing,  this  was  offset  by 
a  deduction  id  both  mechanical  properties  and  burning  rate  of  the 
cured  propellant  (Table  I,  f-AKJSOl-ll,  -13). 

(!')  P.ecause  of  the  long  Interim  mix  cycle  and  the  coarse  aluminum 
used  in  these  propellants.  It  was  desirable  to  know  whether  or  not  the 
aluminum  was  producing  any  side  effects  as  a  result  of  abrasion.  The 
data  (Table  2,  cAKySO  1*26)  Indicate  a  slight  lowering  of  the  burning 
rate  ami  a  somewhat  harder  cure  than  is  normally  seen.  If  tite  data 
are  significant,  then  a  possible  explanation  fof  the  lower  burning  rate 
could  be  less  efficient  breakup  of  the  L'FAP  particles  and  the  harder 
cure  could  be  attributed  to  less  reaction  of  the  fresh  aluminum  surface 
with  the  hydroxyl  groups  thereby  allot^ring  more  complete  reaction  with 
the  isocyanate  curing  agent,  The  effect  Is  small  enough,  though,  to 
be  considered  as  a  normal  variation  for  this  propellant. 

(I')  Two  batches  wefe  made  in  which  the  bal 1 isi  ic  sol  ids  were  lowered 
by  I'rte  and  twb  percent,  rcspectlveTy  (Table  2,  <6\K569l*42  and  •*28), 
Significant  Improvements  in  processing  .ami  mechanical  properties  were 
seen,  especially  for  the  83%  solids  formulation.  The  sacrifice  in 
burning  rate,  however,  was  too  great  to  give  serious  consideration 
to  this  approach  tb  improving  processing  and  meclianlcal  properties. 

(U)  Since  all  of  the  hydroxyl  groups  on  ttie  R*45M  were  not  being 
used  in  the  pol ymerixnt loll  due  to  the  less  than  stoichiometric  level 
of  IPDI,  tlie  level  of  R'-ASM  wtis  reduced  to  the  exact  stoichiometry 
with  the  IPDI  present,  while  the  Oronite  6  was  Increased  to  make  up 
the  dlfference(rable  2,  //AK.7591-52) .  It  was  hoped  that  the  processing 
and  potlifo  woiiUI  he  significantly  improved  witii  tlie  increaseil  plasticize 
level  without  adversely  affecting  other  parameters.  The  data  indicate 
that  ho  significant  benefits  were  realized,  while  the  burning  rate  and 
mechanicai  properties  were  adversely  affected.  No  further  efforts  in 
this  direction  are  planned. 
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(r)  The  observation  that  residual  R-A3M  on  the  outsiijd  of  the  can 
eventually  forr.ed  a  polyner  led  to  the  speculation  that  oxidative 
crossllnkinK  niay  be  slowly  causing  a  viscosity  increase  in  the  l<~45M 
beiny  used.  An  identical  lot  of  this  K-45M  was  evaluated  to  see  if 
any  differences  in  processing  were  apparent  (liable  2,  ■•AK759 1 ''5b ) . 

Although  the  ihiLa  show  no  sigiiificant  differences,  there  Was  a  notice* 
able  improvenient  in  the  processing,  indicating  that  the  exposed  can  of 

liad  undergone  a  snail  ahotint  of  oxidative  c  rossl  ink  ing .  Tfecaut  ii'hs 
are  being  taken  to  niininiZe  such  deter  iorat  ions . 

(r)  A  significant  irr.prover.ent  in  pot  life  Was  achieved  by  using 
K-aaM  modified  to  remove  the  inactive  livciroxyl  groups  (Tiihle  2, 

•■‘AK759l-'b2 ,  -7b),  A  grapliic  illustration  of  tlie  effect  of  modified  R-43M 
(designated  K-45M-25  in  this  case)  on  viscosity  huildup  at  two  different 
siiear  str»'sses  is  presented  in  I'igure  2,  where  a  eomparison  is  made 
wit!)  an  identical  hatch  using  unnwdifiei!  K-45M.  Tlie  changes  in 
laoclian i cal  properties  are  not  great  when  compared  to  formulations  having 
th.e  samo  hiiuhT  comi'os  i  t  I  on  using  unmodified  K-45M  (Table  1, 
f•AK75‘)l-b8,  '■70).  Further  evaluation  of  modified  1\-45M  is  in  progress 
to  optimize  processing  and  mechanical  I'roperties. 

(T)  .Since  previous  work  had  shown  tliat  70  eqiiivalonts  of  1P!)1 
still  produced  tot'  hard  a  propellant  (Tai)le  1,  •/.:\K7 '3b5-71 )  and 
eurretit  work  (Table  1,  ’s\K-7591-24c)  showed  a  significant  increase  in 
ptitlife  by  lowering  IPUI  content,  a  series  of  tliree  batches  were  prepared 
(Table  1,  •7AK7591-30,  -32,  -34)  varying  t'.ie  1P1)I  from  45-b5  equivalents. 
Rotovisco  data  (Figure  3)  were  take-n  on  these  batclios  to  determine 
the  visctisity  buildup  at  each  tl’Dl  level.  The  data  indicate  that  an 
ll’lJl  level  of  53-60  equivalents  is  desirable  from  the  stand)ioint  of 
processing  and  mechanical  properties. 

(f)  A  final  assessment  of  tlie  importance  and  desired  levels  of 
DFO  and  TFA  in  propellant  "A"  was  made  in  a  tliree  batch  series  (Table 
2,  /•‘AK7591-3b,  >•38,  -40),  liie  data  clearly  indicate  that  the  presence 
of  botli  TFA  and  DFO  are  both  beneficial  from  a  processing  as  well  as 
a  mechanical  property  standpoint  ami  .an-  fidequate  at  the  5  ami  10 
etjuiv.  lovel,  respei-l  i  ve  1  y .  islien  noither  were  used,  the  resulting  propel¬ 
lant  had  a  pasty  appearance  as  well  as  a  higli  initial  viscosity.  The 
initial  viscosity  came  down  as  IFA  and  then  TFA  and  DFO  were  added, 
producing  a  noticeably  sm.ootlier  and  more  cast.ible  propellant.  Tlie 
data  also  indicated  that  65-70  equiv.  Il'Dl  is  needed  with  the  lowered 
DFO  lovel.  Tlie  progressively  longer  potlife  is  tiie  result  c>f  lower 
initial  viscosities. 

I’ROPFl.FANT  "A”  BAI.FI.STU;  STUDY 

(F)  An  attempt  w’as  made  to  incorporate  a  f luorocarbi'n  ester  into 
propellant  "A"  and  evaluate  its  effect  on  burning  rale.  This  ester 
was  prepared  by  condensing  21b  gms  (0.5  mole)  of  1,1,9-triliydroheXadeca- 
f  1  uoro- 1 -nonano  1  with  144  gr.s  (1.0  mole)  of  2-e thy  1  hexano i c  acid 
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TABLE  2  .  Processing  and  MeclianiGal  Property  Variation 

Propellant  ’A" 
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NWC  TP  5095 


40  L’FAP  (0.5;;) 
i;9  L'FAP  (4,6ii) 

15  A1 

0.5/0. 5  SiO^/Fe^O^ 
15  FK-HTPB 


/  ’^2000  “ 

f  n  *  0 , 7  5 


Infinite  Shear  .Stress 
■> 

10,000  dynos/cn"  Shear 
Stress 


Hours  After  IPDI  Addition 

(C)  FIC,  2.  Viscosity  Bviildup  at  120°F  on  Propellant  "A"  with  (1) 
Regular  K-45M  (AK7591-70)  and  (2)B  Modified  R-45M  (AK7591-7h). 
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o  _0  f  O  o  ^  O  o  ^  C  ,r»c  :  ■'  C.o  .-o  .1  .  i  co-e"  .-.  oo  ,  C  . 

catalyzed  with  one  gram  of  cone.  H>S0^  all  in  250  ml  of  toluene.  The 
solution  Was  refluxed  fur  fe  hrs.  in  which  time  nine  ml  of  water  was 
azeotroped  off  by  the  toluene  signifying  completion  of  the  reaction. 

The  toluene  solution  was  washed  twice  with  distilled  water  dried 
over  anhydrous  MgSi),  and  filtered  to  remove  drying  agent.  Ihe  toluene 
was  removed  under  vacuum  on  a  rotary  film  evaporator  and  the  resultant 
oil  was  distilled  under  vacuien  to  yield  -200  gms  of  ttie  desired  ester 
boiling  at  107- 109''(:/ Imm  Hg.  Only  lialf  of  the  On'nite  6  was  replaced 
with  ttiis  material,  but  it  made  l!ie  propellant  difficult  tt>  process 
resulting  in  a  brittle  pri*pellant  wliicli  could  not  he  tested  fi't  huriiing 
rate.  Since  it  appears  that  significant  amounts  of  fluorine  cannot 
be  incorporated  int  i  tliis  propel  lant  system  witliout  severely  degrading 
processing  and  mechanical  properties,  lu'  further  effort  in  this 
direction  is  planned. 

(1)  .1  finely  ground  ferrocene^formaldehyde  polymer  was  evaluated 
at  the  two  percent  level  to  see  if  its  behavior  was  like  that  of  tlie 
liciuid  ferrocene  derivatives,  i.e.,  show  a  nearly  linear  increase  in 
Inirning  rate  with  increase  in  ferrocene  content  (Table  '•AK7591-50) . 
Not  only  dill  it  not  significantly  increase  burning,  rate,  but  it 
severely  curtailed  processability  and  promoted  a  very  rapid  cure. 

A  possible  explanation  for  its  poor  behavior  as  a  burning  rate  catalyst 
Is  its  high  polymeric  nature  which  reduces  its  ability  to  interact 
with  the  Nil, (110,,  contrary  to  the  low  molecular  weight  liquid  and 
solid  ferrocene  derivatives,  such  .is  catocene  and  n-butyl  ferncene, 

(T)  Significant  increases  in  tiie  burning  fate  of  propellant  ”A”, 
however,  were  acliieved  during  tiiis  report  period  (Table  3,  '?.\K7591-93. 
-75).  The  first  b.illistic  improvement  yielded  a  burning  rate  at 
2000  psia  approximately  seven  percent  higher  than  the  control  batch 
and  was  achieved  by  replacing  the  pigment  gr.ule  Iri'n  oxldt'  (0.  K. 
Killians,  hot  /.‘KY^lOli)  with  a  red  crystalline  iron  oxide  (F.  C.  U.ivis 
(lomp.my),  a  s, ample  of  which  was  provided  by  the  Nav.al  Weapons  (enter. 

No  other  effects,  adverse  or  otherwise,  were  observed  with  this  new 
iron  oxide,  Tlierefore,  all  future  propoll.anl  "A"  formulations  are 
being  planned  with  it.  Tliis  increase  brought  to  tiiree  tlie  miml'er  of 
independently  aehii’ved  burning  rate  increases  to  date,  the  otlier  two 
being  achieved  by  (1)  repl. icing  the  <S..  MA  AI’  with  1.:  FFAl’  and 

(2)  increasing  the  length  of  the  nix  cycle,  the  results  of  which  were 
reported  in  the  previous  (piarterly  report.  All  three  factors  were 
combined  into  one  prope  1  1  ant  to  yield  a  solid  strand  burning,  rate  of 
3.62  in/sec  at  2000  psia  which  exceeded  tlu-  minimum  program  go.il  for 
propellant  "A",*  An  identical  batch  prepared  to  confirm  this  burning 
rate  (Table  3,  AK75‘)1-19),  yielded  a  burning  rate  of  3. A  in/si-r.  .it 
2000  psia.  ilie  reason  for  the  lower  r.ite  is  uncertain,  but  mav  be  a 
result  of  different  testing,  metbods  iiseil.  In  tlu'  former  b.iteh, 

the  strands  used  were  exactly  1'  long  .ind  were  fired  in  a  closed 
bomb.  The  repeated  li.iteh  w.is  tested  with  st.ind.ird  5"  str.inds, 

*'^’'sVe*  Table  i  (Ak 7'')<)  1  - 1) 


^  J  UNCLASSIFIED 


iil.l.  '3.  Ballistic  Variations  I’rupe  11  ant 


CONFIDENTIAL 

NWC  Tl’  ^>095 


UNCLASSIFIED 

NWC  tP  5095 


(f)  It  was  of  interest  dt  tills  time  to  leafn  If  the  same  burning  rate 
aciileved  witli  the  50/50  mixture  of  Silon  S  ana  t!-e  red  crystalline 
Iron  oxide  could  lie  achieved  or  surpassed  by  i;.»ing  tliis  new  iron 
oxide  as  tiie  sole  burning  rate  catalyst  at  the  same  total  percent. 

Tile  rate  aciileved  (Table  3,  '''AK/SO  l^SA)  did  not  equal  the  rate  (Table 
3,  fAK7363-93)  aciiieved  by  the  50/50  combination  of  STlon  S  and  the 
same  crystalline  iron  oxide.  Tills  result  Indicates  tiiat  both  catalysts 
are  needed  in  conib  inat  ion  to  acliieve  tlie  optimum  burning  rate. 

(T)  A  new  lot  of  coated  submicron  L'KAP  was  prepared  and  MSA  atialysis 
revealed  the  average  particle  sice  to  be  0.55;..  Three  batciies  were 
prepared  during  tliis  report  period  using  tliis  material  (Table  1, 
f-AK7591-30,  *32,  -3s).  The  hurning  fate  data  indicate  tiiat  tlie  new 
0.55;:  L'I'AI’  acliioves  tlie  iiurniug  rate  of  3.5  in/sec  at  2000  psla.  Tlie 
Interesting  fact,  tiowevet,  is  tlie  variation  of  this  burning  rate  among 
the  three  batches.  Tliere  seems  to  he  a  correlation  of  burning  ratc- 
eltlier  witli  uretliane  level,  unreacted  iiydroxy  level  or  propellant 
hardness.  It  is  not  known  at  tills  lime  which,  if  eitlier.  Is  responsible 
for  tlie  variation  in  burning  rate,  since  additional  batches  did  not 
sulistant  iate  tliis  trend. 

(L)  One  other  ballistic  modification  that  yielded  no  increase  in 
hurning  rate  consisted  in  the  replacement  of  tlie  aluminum  with  magnesium 
and  a  b5/35  magnosium/aluminum  alloy  powder,  A  comparison  of  the 
burning  rates  (Table  3,  ••AK7591  -51! ,  -50,  -5h)  of  these  with  a  batch 
containing  a  conventional  aluminun  powder  (Grade  II)  revealed  that  the 
change  from  aluminum  to  magnesium  had  no  effect  oiu>  way  or  the  other 
on  the  burning  rate.  The  failure,  however,  of  magnesium  to  elevate 
the  burning  rate  was  not  too  surprising,  since  burning  rate  increases 
observed  with  this  metal  powder  were  In  propellants  containing  varying 
amounts  of  f 1 uorocarbons .  The  magnesium  pi'wder  did  not  adversely 
affect  processing  or  cure. 

(T)  A  small  sample  of  crystalline  lev,!),  (Lot  15)  from  NWC  was 
evaluated  along  with  a  10  lb.  lot  of  crystalline  recently 

purcliasei!  from  Frank  (!.  Davis  Company.  No  dlfferi-nees  in  burning  rate 
were  observed  (I'at'le  4,  f‘AK7591-4H,  -5.S).  Tlie  b.iteh  containing  the 
(I.ot  15)  Fe^O,^  did  pr<icesH  s 'mewbal  belter,  liowever.  A  significant 
increase  iii'burning  rite  (fable  4,  '’AK7591-60)  w.as  achieved,  though, 
by  griiullng  a  portion  of  the  crystalline  Fe.,0.^  from  tlie  10  Ih.  lot  for 
two  tiours  In  Freon  iisin;;  A1,0^  1/4"  cylinders  for  griiuiing,  and  a 
mechanical  paint  sh.iker  t  .i  provide  agitation.  Tlie  resulting  powder 
was  obviously  much  finer  than  the  unground  m.iteri.'il  .and  was  mucti 
redder  In  appearance.  fhe  aveiagt"  particle  size  lias  not  yet  lieen 
determined.  Tlie  finer  Fe.,0^  .ilso  appeared  to  Fun<-tion  as  a  better 
cure  catalyst  since  the  d.ata  show  a  sliorter  pot  1  Ife  for  tills  batcli. 

(1)  .Since  tiie  ground  F'e  ,0  j  gave  a  faster  burning  rate,  it  became  desir 
alile  to  determine  if  the  eoncent  rat  i  on  I'f  0,55i.  TFAP  mnv  bo  reduced  ami 
still  meet  the  3.5  in/sec,  hurning  rale  goal  at  2000  psia,  'I'he  data 
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(Table  4,  //AK7591-68,  **70)  Indicate  that  a  drop  of  5  wt,  %  in  this  fine 
oxidizer  very  nearly  seets  the  desired  burning  rate.  Also,  the  process 
ability  inpro’ycs  very  rapidly  as  the  level  of  O.SSu  L'FAP  is  lowered, 
the  binder  was  altered  for  these  batches  to  provide  a  softer  propellant 
which  explains  the  lower  tensile  strength  and  higher  elongation  values. 

PROPihLAKT  "B”  BALi.ISTiC  STUDY 

(U)  Ufillzlrtg  the  information  gained  in  developing  propellant  "A'\ 
a  batch  of  propollant  "B"  was  prepared  (Table  5,  ?MK7591-‘54)  that 
exceeded  the  7.0  in/sec.  burning  rate  goal  at  2000  psia  using  four 
percent  catoccne  ratlicr  than  the  five  percent  Hycat  6  that  was  required 
to  reacii  the  sane  rate  on  tiic  previous  program.  Additionally,  better 
tfiechanical  properties  were  realized  than  before,  but  the  Shore  "A" 
hardness  was  too  high  and  the  potlife  was  not  as  long  as  desired.  It 
is  expected  that  the  potlife  will  he  significantly  extended  by  the  use 
of  modified 

(U)  Having  achieved  the  desired  burning  rate  with  four  percent 
catoCene,  it  became  of  interest  to  see  Ixiw  liigh  a  l)urnlng  rate  could 
be  achieved  at  three  percent  catocene  level.  Three  batcJies  were 
prepared  (Table  5,  /•'AK7591-66 ,  -72,  -74)  In  wliich  tlie  O.SSii  I'FAP  was 
varied  from  502,  to  402  in  combination  with  M/\-AP  and  5i;  LTAP,  The 
data  .show  tiiat  the  catalyst  level  is  significantly  more  effective  in 
raising  the  burning  rate  than  Increasing  the  fine  oxidizer  content. 

The  final  choice  for  ballistic  properties  appears  to  be  between 
3.5  -  42  catocene  and  40  -  452  0.5u  L'FAP.  The  choice  will  be  made 
based  on  overall  properties  within  30  days. 

PROPKI.I.ANT  "B"  HAZARD  TKSTS 

(U)  Safety  data  acquired  on  the  formulation  containing  four  percent 
catocene  indicate  tills  propellant  is  type  5D  due  to  high  friction 
sensitivity.  However,  at  tiiree  percent  catocene  tlu*  friction 
sensitivity  was  quite  low  indicating  a  less  liazardous  propellant. 
Unfortunately,  tile  more  sensitive  propellant  also  iia<l  a  high  slicre 
hardness  while  the  less  sensitive  one  liad  a  low  hardness  reading, 
and  since  friction  sensitivity  tends  to  go  up  witli  propellant  liardness 
it  is  not  known  whettier  lilgh  eatoceno,  higli  sliore  hardness  or  both 
are  responsible  for  tbo  Increased  friction  sensitivity,  Tiiis  point 
is  currently  being  investigated. 
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(C)  TAIiLE  4  .  lialiiscic  Variations  Propellant 
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HAZARDS  Ti;ST  DATA 
I’ropollanL  ")i” 

lioiti'h  ‘u>.  AK7391 -■")'*  AK/'iDl*?-* 

(S>‘o  _i AM <-•  y  ijib  K-  5)^ 

_lAiri'.ui_i'f  Mines  Inpaet 

50'  Tire  I’uint  II  cn:/ 2  k>;m  •>-- 

1  j"  u-  L  i  tin _ ( Rotary) 


'^0 


tins  load/RI’M  400/ iOOO  /()()()/ 3000 

Dl'A 

I'nset  of  ''xotliern 
lixot  lien-M  e  IV'.ik 
AuCniyn i t ion 

i.iNKR  acini;  STTDY 

(C)  In  t!;e  previous  report  peril'll  several  liners  were  evaluateil 
witu  a  In-  '■)  ;3h "  Sol  ills  si-ale*iip  bateh  of  propellant  'A*',  A  liner 
feriiiulat  ion  Ue,;  ipnatei!  43*-4  exliibitei!  jp'oil  boinl  i  np,  to  this  formulation 
when  tested  in  a  bl’l  spei;  i  r.L'n .  ibis  liner  was  prepared  by  preeiirinjt  it 
for  four  bi'urs  at  13'>°!'  prior  to  east  in;;  in  the  propellant.  'This 
ri'Siilted  in  a  DIM  speiMmen  that  e  xli  i  b  i  t-sl  eobesive  failure  in  t  lie 
propel  l.ant.  On  the  other  luiiul  this  .ame  liner  when  fully  eiired  prior 
to  propellant  e.ist  iny  resulted  in  au  adhesivi’  tailure.  fbe  effeet  of 
storage  at  13i'’f  on  the  bi'iul  striuip.tu  ''-is  det  erm  i  nod .  flu.'  results 

as  shown  below  indieati'  that  Lae  I ;  tu- r /pfope 1  I  an t  hond  remained 
eXiuMlent  after  ayin;;: 

Id  I'NCT  OF  I.INFR/l'Fol’idd.ANT  ROM) 

AFlidt  1  MwN'l'H  SfoRAOi:  AT  I  I'."!' 

I’ropellant  "A" 

Finer  Time  Ajjjed  at  I  j')"!'  lensile,  jisi  >'f  d’.reak 

434-4  Initial  ''J,H  Cohesive 

4  34-4  I  month  11J.5  Cobesivi’ 


in  propMlant 
in  propellant 
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This  iTtier  appears  to  be  sat Isfactpry ,  and  the  plans  are  to  use  it  as 
the  liner  for  the  propellant  grains  that  are  to  be  prepared  and 
delivered  to  Naval  Weapons  Center  as  pet  contractual  requirements. 

WORK  PUNNED  FOR  NEXT  REPORT  PERIOD 

(C)  The  final  selection  of  the  two  final  candidate  propellants^  "A" 
and  ’’'B",  wlil  be  made  at  the  beginning  of  the  next  repoft  period. 
Processing,  mechanical  and  ballistic  properties  characterizations  of 
the  two  propellants  will  be  made  as  well  as  hazard  classification  for 
both  the  (iricUred  and  cured  states.  Preliminary  aging  studies  will  be 
initiated  concurrently  ivltli  the  preparation  and  delivery  of  ten  1.8  in. 
by  6.25  in.  long  grains  of  each  of  the  two  candidates.  Also,  the 
preparation  of  four  5  in.  O.D.  by  15  in.  long  grains  of  each 
forniulat  ion'  wi  1 1  bo  initiated. 
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CITB 
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